Feeding of cabbage flea beetles on various Brassica species can reduce crop productivity. While progressing towards the goal of reducing the use of synthetic pesticides and promotion of environmental protection, we wish to exploit plants' natural resilience. The results of our study carried out in [2009][2010] show that glucosinolate contents vary with plant species and plant organs. Among the indole glucosinolates, all Brassica species (cabbage, oil radish, oil seed rape and white mustard) displayed the presence of glucobrassicin, whose influence on cabbage flea beetles varied according to the plant species. We established that gluconasturtiin content in oil seed rape negatively (r = −0.99) influenced the feeding of flea beetles, while the progoitrin (r = 0.51), sinalbin (r = 0.61) and gluconapin (r = 0.67) stimulated the feeding of flea beetles in this crop. No significant influence of glucobrassicin on flea beetles was detected in oilseed rape, while this glucosinolate negatively influenced the intensity of flea beetles feeding in oil radish and white mustard (r = -0.32, r = -0.64). Oil radish thus proved to be the most suitable species as a trap crop for flea beetles. We conclude that protection of the Brassicas against flea beetles can depend on glucosinolate content, but additional tests to confirm practical meaning of this study in environmentally acceptable cabbage production are required.
Introduction
Plants can react to herbivores in two ways -by defending and by developing tolerance (Breuker et al., 2007) . Besides morphological defensive factors, e.g., waxy epidermis (Trdan et al., 2009) , trichomes (Carmona et al., 2011) etc., plants can defend against harmful pests also with secondary metabolites (Breuker et al., 2007; Jõgar et al., 2008) .
The typical secondary metabolites, characteristic of the Brassicaceae, and consequently affecting interactions between herbivores and the target plants, are glucosinolates (Bidart-Bouzat, Kliebenstein, 2008) . Glucosinolates are present primarily in the Brassicas (Kim, Jander, 2007) , but their influence on the resistance of plants to bacteria and fungi has also been proved (Griffiths et al., 2001 ). According to the origin (the amino acid they are derived from), glucosinolates are classified into three groups (classes) -aliphatic, indole and aromatic (Padilla et al., 2007) . Cabbage flea beetles (Phyllotreta spp.) are among major harmful pests causing damage to the Brassicas (Trdan et al., 2005) . Feeding on Brassica seedlings can cause plant death, while feeding at later developmental stages can reduce final yield due to uneven growth of plants (Trdan et al., 2005; Tansey et al., 2009) . It has been established that during feeding cabbage flea beetles can transmit pathogens from infected to healthy plants (Toshova et al., 2009) . Among the proven successful alternative methods of suppressing cabbage flea beetles are trap cropping (Trdan et al., 2005; Bohinc, Trdan, 2012) , different times of sowing, different densities of plants per plot and crop rotation (Toshova et al., 2009) .
Given that growing different plant species on a certain plot reduces the density of a harmful pest population (Bohinc, Trdan, 2012) , and the secondary metabolites content (glucosinolates) varies among plant species (Moyes et al., 2000) , we wished to study susceptibility of various Brassicas to cabbage flea beetles in view of using the trap cropping method in an environmentally friendly food production strategy.
The aim of our research was to determine glucosinolate content in different Brassica species during the growing season, to acquire the information about the suitability of different trap crops to flee beetle attack. In this way we would gain the results, which would be useful for growing cabbage without the use of synthetic insecticides. Plant material. A two-year (2009 Plant material. A two-year ( -2010 field experiment was carried out in the village Zgornja Lipnica (46°19′ N latitude, 14°10′ E longitude, 511 m a.s.l.) in Slovenia. During the growth period of cash crop (two hybrids of cabbage) in 2010, we were collecting samples of the selected above-ground parts of oil seed rape (Brassica napus L. ssp. oleifera f. biennis), cv. 'Daniela' (supplier: Semenarna Ljubljana Ltd., Ljubljana, Slovenia), white mustard (Sinapis alba L.), cv. 'Zlata' (supplier: Semenarna Ljubljana Ltd., Ljubljana, Slovenia), oil radish (Raphanus sativus L. var. oleiformis), cv. 'Apoll' (supplier: Semenarna Ljubljana Ltd., Ljubljana, Slovenia), the early hybrid of white cabbage (Brassica oleracea L. var. capitata f. alba), cv. 'Tucana' (supplier: Semenarna Ljubljana Ltd., Ljubljana, Slovenia) and the medium-late cabbage hybrid (Brassica oleracea L. var. capitata f. alba), cv. 'Hinova' (producer: Bejo Zaden, the Netherlands; supplier: Agroprogress Ltd., Ljubljana, Slovenia).
Materials and methods
Field evaluation. The field of 528 m 2 was divided into four blocks. The three species of trap crops (oil seed rape, oil radish, white mustard) were sown within the blocks in separate treatments. The fourth treatment was the control, where no trap crop was sowed (bare surface). The arrangement of different Brassicas in our experiment is presented in Figure. In each treatment we also sowed both cabbage hybrids in separate sub-plots. Cabbage hybrids were the main crops in our experiment. The treatments within blocks were arranged randomly. The trap crops which were used for chemical analysis were sowed on 19 April 2010, while the cabbage seedlings were transplanted outdoors on 26 April 2010. The damage done on Brassicas by flea beetles was assessed by the 5-grade visual scale. The plants were evaluated on a scale from 1 (no damage) to 5 (more than 25% leaf area eaten), as follows: 2) up to 2% leaf area eaten, 3) between 3% and 10% leaf area eaten and 4) 11-25% leaf area eaten (OEPP/EPPO, 2002) . The seedlings of cabbage were grown in the Department of Agronomy's glasshouse at the Biotechnical Faculty, University of Ljubljana, Slovenia according to the protocol as described in Trdan et al. (2009 June, and 3 July). Four samples of individual plant species were collected at individual intervals of assessment. An individual sample (leaves or blossoms or flowers) was the representative plant sample of one block. When analysing glucosinolates, the analysis of individual samples was repeated twice. The material was then freeze-dried (type: LIO-10P, producer: Kambič laboratorijska oprema, Slovenia) and homogenized before extraction of glucosinolates. The lyophilised samples were stored in 50 ml bottles in a freezer (type: U3286S, producer: Sanyo) at −80°C. The glucosinolate extraction and analysis were performed according to ISO 9167:1-1992. As internal standards sinigrin or glucotropaeolin (C 2 Bioengineering ApS, Denmark) were added. The extracted glucosinolates were purified on a 1.5 cm DEAE Sephadex A-25 anion exchange column. The column was washed twice with 1 ml distilled water loaded with 2 ml of the glucosinolates extract and then washed twice with 1 ml 20 mM NaAc-solution and treated with sulphatase (75 µL and 25 mg ml -1 ). After an overnight reaction at room temperature the desulfoglucosinolates were eluted with distilled water (2 × 1 ml). The eluate was filtered over 0.45 µm filter and then sample was ready for HPLC (high performance liquid chromatography) analysis.
For glucosinolate (GLS) quantification, twenty microlitres of desulfoglucosinolates solution were run on an Agilent 1200 Series HPLC system (Palo Alto, USA) at 2 ml min -1 . The column was a Discovery C18, 25 cm × 4.6 mm, 5 µm (Supelco). The mobile phases were water and methanol, running time: 28 min. The gradient changed as follows: 100% A for 1 min, then in 20 min to 20% B, followed by 100% B for 5 min. Afterwards the column was equilibrated at 100% A for 3 min. The desulfoglucosinolates were detected with diode array detector at 229 nm. The desulfoglucosinolates were identified with external standards (C 2 Bioengineering ApS, Denmark). The certified reference material used was BCR-367R. The content of each GLS was back calculated and expressed in micromoles per gram (μmol g -1 ) of dry seed. Data analysis. Prior to statistical analysis, the experimental results were statistically evaluated by the program Statgraphics Centurion XVI (2009). The differences between values of glucosinolates during the growth period and between individual plant species were calculated by analysing the variance (ANOVA) and Duncan's test of multiple comparisons (P < 0.05). We calculated correlations between the concentration of an individual glucosinolate and level of injury caused by flea beetles on the plant species.
Results and discussion

Content of glucosinolates in different
Brassicas. The results of the statistical analysis show that the glucoiberin content is significantly influenced by plant species (P = 0.0233, F = 4.39, Df = 2), while the content between leaves and blossoms (flowers) does not vary (P = 0.3544, F = 0.3544, Df = 3). The glucoiberin content in the samples of white mustard, oil seed rape, oil radish was below detection limit (in all cases <0.1 µmol g -1 of dry seed (ds), while the samples of the cabbage hybrid 'Hinova' had the average content 0.33 ± 0.08 µmol g -1 ds, and the samples of the hybrid 'Tucana' 0.38 ± 0.09 µmol g -1 ds (Table 1) . The Brassicaceae species used in our experiment displayed no significant differences in the gluconapin content (P = 0.0686, F = 3.55, Df = 1), while the glucoraphenin content was significantly influenced by individual Brassicaceae species (P = 0.0003, F = 9.89, Df = 2). The average glucoraphenin content was significantly higher in oil radish (8.66 ± 1.81µmol g -1 ds), while it was precisely above the detection limit in the samples of both cabbage hybrids (<0.1 µmol g -1 ds). The epiprogoitrin content was influenced by individual species (P = 0.0055, F = 10.29, Df = 2), significant differences were detected also between leaves and blossoms (flowers) of the plants (P < 0.0001, F = 32.15, Df = 1). The content of the aliphatic glucosinolate was in comparison to leaves (0.21 ± 0.03 µmol g -1 ds) significantly higher in the blossom samples (2.81 ± 0.01 µmol g -1 ds) ( Table 2 ). Plant species did not significantly affect the progoitrin content (P = 0.5088, F = 0.80, Df = 3), the content also did not differ between leaves and blossoms (flowers) (P = 0.5551, F = 0.72, Df = 3). Note. GIB -glucoiberin, PRO -progoitrin, SIN -sinigrin, E-PRO -epiprogoitrin, GRE -glucoraphenin, GNA -gluconapin, SLB -sinalbin, GBS -glucobrassicin, GST -gluconasturtiin; <0.1 -glucosinolate present below detection level.
Among indole glucosinolates glucobrassicin was detected in all plant species, its content, however, varied significantly among the plant species (P = 0.0282, F = 3.15, Df = 3), from 0.40 ± 0.15 µmol g -1 ds in the samples of the cabbage hybrid 'Hinova' to 3.24 ± 0.86 µmol g -1 ds in the samples of oil radish (Table 1) . No significant differences in glucobrassicin content of individual above-ground plant organs were detected (P = 0.1273, F = 1.94, Df = 3). In detecting aromatic glucosinolates we established that the gluconasturtiin content was influenced by the Brassicaceae species (P = 0.04643, F = 0.12, Df = 1).
There were no differences detected in the gluconasturtiin content of various plant organs (P = 0.7643, F = 0.49, Df = 1). Gluconasturtiin was in oil radish samples present in traces (<0.1 µmol g -1 ds), meanwhile its presence in cabbage samples was below detection level. The sinalbin content varied with different plant species (P = 0.0090, F = 5.50, Df = 1), as well as with individual plant organs (P = 0.0001, F = 20.84, Df = 1). The sinalbin content was significantly higher in the samples of white mustard (30.12 ± 5.52 µmol g -1 ds); in the samples of oil seed rape it was 11.16 ± 6.50 µmol g -1 ds, while in the samples of cabbage, early and mid-late hybrid, no sinalbin was detected. Correlation between level of injury caused by cabbage flea beetles on plants belonging to trap crop and concentration of glucosinolate. We discovered a very high negative correlation (r = −0.99) between the gluconasturtiin content and level of injury done by flea beetles (Table 3) . A low negative correlation (r = −0.22) was established between the glucoraphenin content in the oil seed rape samples and level of injury. A stimulating influence of epiprogoitrin on feeding of cabbage flea beetles was detected in the white mustard samples (r = 0.56), while the epiprogoitrin content negatively influenced feeding habits on oil seed rape (r = −0.80). The correlation between level of injury and the glucoiberin content in the samples of oil seed rape is explained with the model Ŷ = 4.15 − 0.416667*. The results of the statistical analysis show stimulating influence of glucobrassicin on feeding of the species from the genus Phyllotreta on oil seed rape (r = 0.39), while higher glucobrassicin content in the oil radish (r = −0.32) and white mustard (r = −0.64) negatively influenced the intensity of the flea beetles feeding (Table 3) . A moderate positive correlation (r = 0.67) was established between level of injury done by flea beetles and gluconapin content in the oil seed rape samples. In the oil seed rape samples we also detected stimulating influence of sinalbin (r = 0.61) and progoitrin (r = 0.51) on feeding intensity of flea beetles. GST -gluconasturtiin, GRE -glucoraphenin, E-PRO -epiprogoitrin, GIB -glucoiberin, GBS -glucobrassicin, GNA -gluconapin, SLB -sinalbin, PRO -progoitrin, SIN -sinigrin. x -because glucosinolate was present at trace level (<0.1 µmol g -1 ds) we were not able to calculate correlation; r -correlation coefficient, * -p < 0.05, a -intercept, b -slope.
Correlation between level of injury caused by flea beetles on cash crops and glucosinolate concentration. A moderate positive correlation was established between the glucoiberin content in the midlate hybrid samples 'Hinova' and level of injury done by flea beetles (r = 0.52); while the correlation between the glucosinolate content and the level of injury on the early hybrid 'Tucana' plants is explained by the model Ŷ = 2.39784 − 0.0448347* glucoiberin (Table 4) . The analysis of results shows stimulating influence of progoitrin on the intensity of feeding by flea beetles on the early hybrid plants (r = 1), while the correlation between the level of injury on the mid-late hybrid and the glucosinolate content is explained by the model Ŷ = 2.25781 + 0.079386* progoitrin. The analysis of results shows low (positive) correlation between the level of injury done by flea beetles and the sinigrin content in the mid-late hybrid samples (r = 0.31). Generally speaking, oil radish proved to be the most efficient trap crop, which was also confirmed in our previous study (Bohinc, Trdan, 2012) . Significant preference towards feeding on white mustard was not shown in our study, nor in a similar experiment (Hiiesaar et al., 2006) . We confirmed the findings of some researchers who found out that the glucosinolate content varied between different Brassicaceae species (Moyes et al., 2000) , between plant organs (Bellostas et al., 2007) , and the concentrations of these secondary metabolites varied also during the growth period (De Villena et al., 2007) . Differences in the glucosinolate content were detected also in a single species -between two cabbage hybrids (Bellostas et al., 2007) . In the studied Brassicaceae we detected aliphatic glucosinolates which are characteristic also of other Brassicaceae species (Cartea et al., 2008) ; their presence is genetically predetermined (Agerbirk et al., 2009) .
Among indole glucosinolates we established the presence of glucobrassicin whose content was to some extent probably influenced also by temperatures (Kim, Jander, 2007) . While the research results show negative influence of glucosinolates on generalists (Pontoppidian et al., 2005) , stimulating influence is most frequently established with the specialists who feed exclusively on Brassicaceae (Nielsen et al., 2001) . There is, however, not much known about the significance of individual glucosinolates in plant protection (Kim, Jander, 2007) . In view of the fact that some plants (Bidart-Bouzat, Kliebenstein, 2008) , including oil seed rape, are very susceptible to level of injury by various Table 4 . Correlation between level of injury caused by Phyllotreta spp. and glucosinolate (GLS) concentration (P < 0.05 Duncan's multiple range test) in two different cabbage hybrids as main crops Table 3 phytophagous insects (Valantin-Morison et al., 2007) . These characteristic can be explained by the content of various chemical substances, also glucosinolates (BidartBouzat, Kliebenstein, 2008) . The effect of glucosinolates on feeding of various herbivorous species can vary (Agerbirk et al., 2008) . Besides stimulating effect of progoitrin on feeding of cabbage flea beetles with oil seed rape and the main crops, its presence can also have negative effects if plants with excessive glucosinolate content are used as fodder (Padilla et al., 2007; Sun et al., 2011) . Consequently, the emphasis is on plant breeding, though no negative effects on human nutrition have been detected (Sun et al., 2011) . The potential negative influence of glucobrassicin on feeding of cabbage flea beetles, which we proved by our research, can positively influence human nutrition, since the decomposition products of indole glucosinolates have positive (anticarcinogenic) effects on human health (Sun et al., 2011) . Beneficial to human health are also some other glucosinolates including sinigrin, glucoiberin, progoitrin and gluconasturtiin (Sun et al., 2011) .
In the past (Bodnaryk, 1991) , one of the major "chemical" factors of defending white mustard against attacks by cabbage flea beetles was considered the presence of sinalbin. Abundance of sinalbin was also evaluated as an important defensive factor against Mamestra configurata (Ulmer et al., 2001 ). However, its presence can also have a stimulating effect on Pieris rapae feeding (Agerbirk et al., 2009) . Oil seed rape can be used for fodder (Valantin-Morison et al., 2007) , white mustard as a means to prevent nitrate leaching from agricultural soil during winter (Dorsainvil et al., 2005) , and as a living mulch (Romaneckas et al., 2012) , oil radish as a plant species affects the balance of carbon in soil (Mutegi et al., 2011) . Results of our research indicate a potentially wider application of the studied Brassicaceae -also to protect other cruciferous plants against harmful pests. Their applicability for protecting plants against the pests which are numerous and thus harmful in Europe is manifested by the fact that registered synthetic pesticides are on the decrease (The list…, 2012) as they negatively influence our environment (Bommarco et al., 2011) .
Conclusions
1. The tested alternative method of cabbage protection against the flea beetle adults proved to be efficient. The level of injury caused by flea beetles was significantly the highest on oil radish, thus oil radish proved to be the most suitable as trap crop.
2. Glucosinolate content differed between plant species and even between plant organs of the same Brassica species. Sinigrin was only present in cabbage cultivars; gluconapin was present in oil seed rape and cabbage cultivars. Glucoraphenin and sinalbin contents were only confirmed in Brassica trap crops. In comparison to different plant parts, glucoraphenin was more abundant in oil radish flowers than in leaves. Epiprogoitrin was only abundant in oil seed rape and white mustard, but below detection level in cabbage cultivars. Progoitrin, as the most abundant in oil seed rape and cabbage cultivars, was also present in oil radish and white mustard, but below detection level (<0.1 µmol g -1 dry seed). The level of glucoiberin was significantly the highest in cabbage cultivars, while gluconasturtiin was the most abundant in oil seed rape.
3. Glucobrassicin was the most abundant glucosinolate detected in our study. It was the most abundant in oil radish.
4. Based on the results of our study, we conclude that the glucosinolates content in different Brassicas can play a significant role in selection of mentioned field crops in the areas, where the cabbage is exposed to numerous pests. Additional tests are undoubtedly needed to confirm the applicability of these results in environmentally acceptable cabbage production.
